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(57) The invention provides a cell/tissue culture ap- 
paratus tor applying a physical stimulation necessary for 
the proliferation and growth of a cell or tissue to a. ma- 
terial to be cultivated serving as a ceti or tissue to be 
cultivated, thereby realizing the culture as desired and 
protecting the materia! to be cultivated from contamina- 
tion of various bacteria and so forth. The cell/tissue cul- 
ture apparatus comprises a cvlindricaliy formed material 
to he cultivated (matrix 1 8), a chamber (culture chamber 
8) for accommodating therein the material to be cultivat- 
ed, a circulation path (first circulation path 32) connect- 
ed to the material to be cultivated through which a cul- 
ture fluid is circulated in an inner side of the material to 
be cultivated, a pump (tube pump 36) for controlling a 
velocity of the culture fluid, control means (controller 60) 
and so forth, wherein the culture fluid (30) having differ- 
ent flows is supplied to the inner side and an outer side 
of the materia! to be cultivated, thereby applying an op- 
tional physical stimulation to the material to be cultivated 
serving as the ceil or tissue to be cultivated, thereby re- 
alizing the culture as desired and protecting the material 
to be cultivated from contamination of various bacteria 
and so forth. 
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Description 

TECHNICAL FIELD 

[0001] The invention relates to an apparatus lor culti- 
vating a col! or tissue (hereinafter referred id as cell/tis- 
sue culture apparatus) for use in the culture of a cell or 
tissue, and so forth to which a tissue engineering is ap- 
plied : more particularly relates to a coll/tissue culture ap- 
paratus for efficiently realizing a metabolism function ol 
a cell or tissue when performing an in vitro culture of the 
cell or tissue of a living body such as human body and 
so forth, and applying a physical stimulation necessary 
lor prolongation , differentiation, and acceleration of a 
cell to a matenai to be cultivated. 

BACKGROUND ART 

[0002] There has been conventionally employe a a 
method of performing an in vitro culture or a celt or tissue 
of a living body such as human body, wherein a. temper- 
ature, a humidity, a carbon dioxide concentration, an ox- 
ygen concentration in an incubator (culture housing) are 
maintained at proper conditions, and the cell is cultivat- 
ed in the incubator. The cell or tissue is placed in a cul- 
ture fluid in a suspending stare, and it is fixed to an in- 
terior or surface of a gei in which the culture fluid ingre- 
dient is contained, thereby proliferating and growing the 
eel! or tissue, or the cell or tissue is transplanted in a 
material, that is exemplified as a matrix or scaffold, a 30 
earner or a moid and so forth (hereinafter referred to as 
"matrix"), thereby proliferating and growing the cell or 
tissue in the matrix. 

[0003] Meanwhile, it is important to apply a physical 
stimulation to a cell or tissue to be cultivated in addition 
to an environment condition such as a temperature, a 
humidity, a carbon dioxide concentration, an oxygen 
concentration for proliferating and growing the celi or tis- 
sue. Such a physical stimulation is an indispensable 
constituent for facilitating differentiation and growth of 
the celi or tissue and for growing the cell or tissue to be 
rendered closer to that in the living body. For a technol- 
ogy for applying a physical stimulation to the cell or tis- 
sue for proliferating and growing the cell or tissue, there 
are, tor example, JP 2001 -5Q4697A entitled "Application 
of shear flow stress to chondrocytes", U.S. Patent No. 
6,121,042 entitled "Apparatus and method for simulat- 
ing in vivo conditions while seeding and cuituring three- 
dimensional tissue constructs", and so forth. 
[0004] Although it is necessary to add a dynamic con- 
dition such as a physical stimulation to a static condition, 
a so-called culture environment such as a temperature, 
a humidity, a carbon oioxide concentration, an oxygen 
concentration for proliferating and growing the cell or tis- 
sue, there is a possibility that trie control of the dynamic 
condition together with the static condition renders a 
control mode complex, and a factor caused by the inva- 
sion of various bacteria, and so forth increases. It is an 
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important challenge to protect a material to be cultivated 
from contamination of various bacteria. 
[0005] Accordingly, it ss a firs! object of the invention 
to provide a cell/tissue culture apparatus capable of re- 
alizing a desired culture by applying a physical stimula- 
tion, which is necessary for proliferation and growth of 
the cell or tissue, to a materia! to be cultivated serving 
as a cell or tissue to no cultivated. 

[0006] If is a second object oi the invention to provide 
a eel l/i issue culture apparatus ior protecting the material 
to be cultivated from contamination of various bacteria 
and so forth;. 

DISCLOSURE Or THE INVENTION 

[0007] To achieve the first object ot the invention, a 
ceil/tissue culture apparatus of the invention is charac- 
terized in comprising a eylindncafly formed matenai to 
be cultivated (matrix 18), a chamber (culture chamber 
8) for accommodating therein the materia! to be cultivat- 
ed, and a circulation path (first circulation path 32) con- 
nected to the materia! to. be cultivated through which a 
culture fluid is circulated in an inner side of the matenai 
to be cultivated. 

[0008] With the cell/tissue culture apparatus having 
such a configuration, the culture fluid is supplied to the 
interior of the cylindrical materia! to be cultivated accom- 
modated in the chamber through the circulation oath. 
Owing to the fiow of the culture fluid, a necessary nutri- 
tion iS C! trjnlt/ar! iTi tho miataral + ~ i~ - v. j *■ 

..(„.. ( , — ujjpuwu L w nit" luaicnai iu lj«o v uUELivaieo inrouqn 
the interior thereof , and also a sheer stress correspond- 
ing to the flow of the culture fluid is applied to the mate- 
rial to oe cultivated through the interior thereof as a 
physical stimulation, thereby facilitating the growth of 
celi or tissue of the material to be cultivated, The phys- 
ical stimulation mimics a physical stimulation applied to 
a specific part of a human body, thereby forming a cell 
or tissue of, e.g., a biood vessel. 

[0009] A cell/tissue culture apparatus of the invention 
is characterized in comprising a cylindrically formed ma- 
terial to be cultivated (matrix 18), a chamber (culture 
chamber 8) for accommodating therein the materia! to 
be cultivated, supply means (third circulation path 54) 
for supplying a culture fluid to the chamber or circulating 
the same in the chamber, and a circulation path (first 
circulation path 32) connected to the material to do cul- 
tivated accommodated in the chamber through which 
the culture fluid is circulated in an inner siae of the ma- 
teria! to be cultivated. 

[O010] With the cell/tissue culture apparatus having 
such a configuration, the materia! to be cultivated is ac- 
commodated in the chamber and the culture fluid is sup- 
plied or circulated from the supply means, In this case, 
the supply means supplies the culture fluid successively 
to Ihe chamber or 11 circulates the culture fluid between 
the chamber and a storage tank of the culture fluid. Fur- 
ther, the culture fluid flows to the inner side of the ma- 
terial to be cultivated through the circulation path, and 
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it is supplied to the outer side of the material to be cul- 
tivated from the supply means The sheer stress serving 
as a physical stimulation is applied to the inner and outer 
surfaces of the malarial to be cultivated through the Mow 
of the culture fluid together with the supply of a neces- 5 
sary nutrition, That is. although the sheer stress is ap- 
plied to the inner and outer surface layers of the material 
to be cultivated corresponding to the how of trie culture 
Fluid, since the material to be cultivated is cylindrical the 
flow of the. culture fluid is restricted to one direction, a! 10 
the inner surface layer of the material to be cultivated, 
and the sheer stress corresponding to sues a flow is ap- 
plied to the inner side of the material to be cultivated, 
thereby facilitating the growth of the ceil or tissue. That 
is ; according to the physical stimulation through the flow 15 
of the culture fluid, it can mimic a physical stimulation 
applied to a specific pen of the human body, thereby 
forming the ceil or tissue, e.g., 01 a blood vessel. 
[0011] A cell/tissue culture apparatus of the invention 
is characterized in comprising a cyiindricahy formed me- 20 
terial to be cultivated (matrix 18). a chamber (culture 
chamber 8) for accommodating therein the material to 
be cultivated, a first circulation path (first circulation path 
32) connected to the material to be cultivated through 
which a culture fluid 30 is circulated in an inner side'of 25 
the material to be cultivated, and a second circulation 
path (bypasses 40, 42) tn rough which the culture fluid 
30 is circulated in an outer side of the materia! to be 
cultivated. 

[0012] With the cell/tissue culture apparatus having 30 
such a configuration, since the first and second circula- 
tion paths are arranged such that the first circulation 
path supplies the culture fluid to the inner side of the 
materia! 1 to be cultivated and the second circulation path 
supplies the culture fluid to the outer side of the materia! 35 
to be cultivated, they may be configured independently 
from each other or may branch off from a common cir- 
culation path. In this case, the culture fluid flowing from 
the first circulation path is restricted in flow to a. certain 
direction by the cylindrical material to be cultivated while 
the culture fluid flowing from the second circulation path 
to the interior of the chamber is not fixed in direction. 
The sheer stress corresponding to the difference in flow 
is applied to both the inner and outer surface layers of 
the material to be cultivated owing to such a flow of cut- 45 
tare fluid which is configured different in two-flow sys- 
tem, thereby facilitating the growth o r cell or tissue of 
the material to be cultivated. The physical stimulation 
caused by the culture fluid having different fluid flows 
can mimic a physical stimulation to be applied to a spe- so 
cific part of the human body. 

[0013] Since the second circulation path side is 
opened to the interior of the chamber according to the 
first and second circulation paths which branch off from 
a common circulation path, if a fresh culture fluid is sup- 55 
plied from the supply means to the interior of the cham- 
ber, the fresh culture fluid is taken into the first circulation 
path side through the second circulation pair so that 
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nutrition and so forth necessary for culture is supplied 
to the material to be cultivated together with the physical 
stimulation, thereby facilitating metabolism of the mate- 
ria! to be cultivated. In the case where the first and sec- 
ond circulation paths are independently configured, 
even if a fresh culture fluid is supplied to the first or sec- 
ond circulation path . or it is replaced with another culture 
fluid, trie same operation can be effected. 
[0014] The cell/tissue culture apparatus of the inven- 
tion is characterized in thai the second circulation path 
is bypasses (40. 42) which are termed by allowing the 
second the second circulation path to branch offfrom 
the first circulation path. That is with the cell/tissue cul- 
ture apparatus having such a configuration, the culture 
fluid is forced to flow to the inner side of the material to 
be cultivated in the enamber through the first circulation 
path while it is supplied to the outer side of the materia! 
to be cultivated through the bypasses. As a result, tne 
sheer stress serving as a physical stimulation through 
the flow of the culture fluid is applied to the inner and 
outer surfaces of the material to be cultivated together 
with necessary nutrition, In this case, the culture fluid 
flowing from the circulation path is restricted to a certain 
direction in its flow owing to the cylindrical materia! io 
be cultivated while the culture fluid flowing from the by- 
passes to the interior of the chamber is not fixed in di- 
rection. The sheer stress corresponding to the differ- 
ence in fluid flow is applied to the inner and outer surface 
layers of the material to be cultivated owina tn qn^r n 
flow of culture fluid which is configured different in two- 
flow system, thereby facilitating the growth of cell or tis- 
sue. 

[001 5] Meanwhile, a small amount of cell is attached 
to a matrix serving as a material to be cultivated at the 
early stage of the culture, and hence the attachment o^f 
a materia! (i.e.. a so-called an extracellular matrix) pro- 
duced by the cell is small. The matrix serving as the ma- 
terial to be cultivated is formed of, e.g., spongy or cloth- 
shaped, wherein a culture fluid flows freely from the in- 
ner side of a wall surface of the matrix serving as the 
cylindrical material to be cultivated to the outer side 
thereof or from the outer side thereof to the inner side 
thereof in such a spongy state. However, since gaps in 
the matrix are filled with extracellular matrix after the 
middle stage of the culture where the cell is increased 
to form a tissue, the flow of the culture fluid between the 
wall surfaces of the cylindrical material to be cultivated 
is restricted. At this time, since it is difficult to allow a 
fresh culture fluid to flow to the inner surface side of the 
material to be cultivated through the first circulation path 
alone, a fresh culture fluid has to be supplied from an- 
other route. 

[0016] Accordingly if the bypasses which branch off 
from the first circulation path are used a fresh culture 
fluid supplied to the interior of the chamber is Lakes in 
the bypasses and it can be circulated in the material to 
be cultivated through tne first circulation path so that the 
fresh culture liuid can be supplied to the materia! to oe 



5 



EP 1 3B2 670 A1 



cultivated. Further, the problem of the pressure differ- 
ence between the inner and outer sides of the material 
to be cultivated can be resolved by the provision of the 
bypasses, and hence the inner and outer sides of the 
material to be cultivated can be maintained substantially 
at the same pressure, thereby obviating the inconven 
ience caused by the pressure difference. 
[0017] The cell/tissue culture apparatus ol the inven- 
tion is characterized in that a distribution of trie amoun! 
ol tiow of the culture fluid is differentiated between the 10 
first circulation path and trie bypasses, [hereby applying 
different shear stresses are applied to the outer- side and 
the inner side of the maierial to be cultivated Thai is, 
the culture fluid flowing from the first circulation path is 
restricted to a certain direction in flow owing Lo the cy- is 
iindrical material to be cultivated while the culture fluid 
flowing from the bypasses to trie interior of the chamber 
is not fixed in direction, and further, the distribution of 
the amount of flow of the culture fluid is differentiated, 
thereby applying the sheer stress corresponding to a ve- 20 
locity of flow and flow rate of the culture fluid to the inner 
and outer surface layers of the material to be cultivated. 
For example, it is possible to apply a large sheer stress 
to the inner side of the material to be cultivated and a 
very small sheer stress can be appiied to the outer side 25 
thereof 

[001 8] The cell/tissue culture apparatus of the inven- 
tion is characterized in further comprising a pump (tube 
pump 36) for supplying the culture fluid underpressure 
vvmcn mows to me materia! to be cultivated under pres- 20 
sure., and the supply state under pressure is variable. 
That is, the culture fluid needs to be supplied underpres- 
sure, and the supply state underpressure can be varied, 
thereby applying a. sheer stress as desired to the mate- 
rial to be cultivated, 35 
[0019] The cell/tissue culture apparatus of the inven- 
tion is characterized in further comprising control means 
(controller 60) for controlling a pressurized supply force 
of the pump with an optional pattern. That is, the culture 
fluid can be supplied under pressure to the circulation 40 
path in response to the revolution of the pump, and the 
supply state under pressure can be controlled in re- 
sponse to the rotary pattern, thereby applying a sheer 
stress serving as a physical stimulation as desired to the 
material to be cultivated. Further, the physical stimuia- 45 
tion is allowed to be varied. 

[0020] The cell/tissue culture apparatus of the inven- 
tion is characterized in further comprising, to achieve the 
second object, a culture unit in which the chamber is 
formed is rendered in a hermetically sealed state, and so 
the culture unit is detachable That is, the material to be 
cultivated can be moved per unit, of culture unit, and the 
hermetical sealing is made easily so tnat the material to 
be cultivated can be protected from contamination of 
various bacteria and so forth. 55 
[0021] The cell/tissue culture apparatus of the inven- 
tion is characterized in further comprising photograph- 
ing means (CCD camera 86) for photographing the ma- 



terial to be cultivated in the chamber. Trial is, the pho- 
tographing of the material to be cultivated in the cham- 
ber and the obtaining of image data supplies important 
data lor the proliferation and growth ol the material to 
be cultivated 

[0022] The celi/l issue culture apparalus of the inven- 
tion is characterized in further comprising the culture 
unit which is transparent as a pari or as a whole and 
photographing means, wherein the material to be culti- 
vated is accommodated and cultivated in the chamber- 
formed in LhG culture unit, ana the material to be culti- 
vated can be photographed by the photographing 
means from an outside of the chamber That is* the ma- 
terial to be cultivated can be photographed from the out- 
side of the chamber without disturbing a culture environ- 
ment in the chamber thereby obtaining its image data. 
[0023] Other objects., features, advantagos"and so 
forth of the invention are more clarified from the descrip- 
tion of the mode for carrying out the invention and trie 
e m b o dimeni as iliu s t rat e d i n f h e d raw i n qs 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 is a plan view showing a ceil/tissue culture 
apparatus according to an embodiment of the in- 
vention; 

Fig. 2 is a horizontal sectional view showing a cul- 
ture unit; 

Fig. 3 is a sectional view of the culture unit taken 
along the line Ill-Ill shown in Fig. 2; 
Fig. 4 is a sectional view of the culture unit taken 
along the line IV-IV shown in Fig. 2; 
Fig. 5 is a block diagram showing a controller con- 
nected to the culture unit; 

Fig, 6 is a view showing the culture unit installed in 
a culture housing; 

Fig. 7 is a flowchart showing a former half part of a 
conirol program; 

Fig. 8 is a flowchart showing a latter half part of the 
control program shown in Fig. 7; 

Fig. 9 is a timing chart showing a rotation control 
operation; 

Fig. 10 is a view showing a shear stress generated 
in a matrix through the flow of the culture fluid; and 
Fig, 11 is a sectional view showing the attachmenl 
and detachment of the culture unit, 

BEST MODE FOR CARRYING OUT THE INVENTION 
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[0025] The invention and the mode forcarrying outth. 
invention are now described in detail with reference to 
the embodiment as illustrated in the attached drawings 
[0026] Figs. 1 Lo 6 show the cell/tissue culture appa- 
ratus according to an embodiment of the invention 
wherein Fig 1 shows a culture unit and so forth on a 
ulture circuit, nig. 2 shows an infernal construction of 
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the culture unit, Fig. 3 is a sectional view of the culture 
unit taken along the line Ill-Ill shown in Fig. 2, Fig, A is 
a sectional view of the culture unit taken along the line 
IV-IV shown in Fig. 2. Fig. 5 shows the culture circuit 
and a controller and Fig. 6 snows the culture circuit and 
the controller. 

[0027] A culture unit 2 for cultivating a material to be 
cultivated serving as a cell or tissue of a living body such 
as a human and so forth is provided in the cell/tissue 
culture apparatus : and trie culture unit 2 has a high 
grade heat resistant property and is made up of a syn 
thetic resin material ore metal materia; from which a 
material adversely afiecting on a living body does not 
liquate out, for example, fluorine resin. PEEK, high 
grade heat resistance polypropylene, silicones stainiess 
steel and so forth. 

[0028] The culture unit 2 comprises a container A and 
a cover 6 which is detach ably attached to the container 
4, and a culture chamber 8 serving as a closed culture 
space is formed in the interior of the culture unit 2. Ac- 
cording to the embodiment, the cover 6 is detachably 
fixed to the container 4 by a plurality of fixing bolts 10, 
and 0 rings 12 are interposed between the container 4 
and the cover 6, so that a sufficient airtightness is main- 
tained in the culture chamber 8. 

[0029] The culture chamber 8 comprises a circular 
portion 14 at an inner side thereof and a rectangular por- 
tion 1 6 at an opening side thereof, and a matrix 1 8 serv- 
ing 'as a cylindrical material to be cultivated is accom- 
modated in the rectangular portion 16 sloe 



matrix 18 is cylindrical and it is molded as a mold of a 
blood vessel to be molded as means for proliferating the 
blood vessel , and the cell of the blood vessel of a human 
is sowed in the matrix, according to this embodiment. 
[0030] A pair of culture ports 20,. 22 serving as sup- 
porting means of the matrix 1B are provided, and they 
penetrate the rectangular portion 1 6 of the container 4 
from an outer surface side thereof and fixed to the rec- 
tangular portion 16 of the container 4. The culture ports 
20, 22 project in the culture chamber 8 by a predeter- 
mined iength and they oppose each other, wherein an 
opening end of a through hole 19 is engaged with the 
projecting portion thereof so that the matrix 18 is held 
at the rectangular portion 16 side of the culture chamber 
8. in this embodiment, although the end of the matrix 18 
is brought into contact with an inner wall of the culture 
chamber 8, it can be held in a non-contact state. The 
culture chamber 8 maybe set to have the shape and size 
corresponding to the size of the matrix 1 8 to be cultivat- 
ed, 

[0031] According to the embodiment, the culture ports 
20. 22 have flanges 26 formed on the midway of a pipe 
24. and the pipe 24 penetrates a transparent hole 28 
formed in the rectangular portion 16 side of the culture 
chamber 8 and fixed to the transparent nolo 2a. and in- 
tegrated with the culture unit 2. Tne flanges 26 serve as 
positioning means for restricting the projecting iength of 
the culture ports 20, 22 relative to the interior of the rec- 
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tangular portion 16. According to trie embodiment, al- 
though the culture ports 20. 22 are formed separately 
from the culture unit 2, they may be integrated with a 
member constituting the culture unit 2. 
[0032] A first circulation path 32 through which a cul- 
ture fluid 30 is circulated in the through hole 19 of tne 
matrix 18 is formed in the culture ports 20 22. and the 
firsl circulation oath 32 is made up of h circulation rube 
34. A tube pump 36 serving as supply means under 
pressure of trie culture fluid 30 is attached to the first 
circulation path 32 for facilitating proliferation ana 
growth of the cell or tissue on Ihe matrix 18. and a ro- 
tating force is applied to the tune pump 36 by a motor 
38 serving as driving means, whereby fluid flow which 
is the same as the blood flow of a human body is formed 
by controlling the rotation of the driving means 
[00231 Further, according to the embodiment, bypass- 
es 40. 42 serving as tne second circulation path through 
which the culture fluid 30 is circulated outside the matrix 
18, i.e. at the outer wall side thereof branch off from the 
first circulation path 32 and they are connected to by- 
pass ports 44, 46 which are opened to the container 4 
of the culture unit 2. The bypass ports 44, 46 project 
from the outer surface of the container 4 of the culture 
unit 2, and through holes 48 are formed in the interior of 
the bypass ports 44, 46. Accordingly, the culture fluid 30 
of the first circulation path 32 flows toward the matrix 1 8 
as shown in arrows A, B : and passes through the by- 
passes 40, 42 and the bypass ports 44, 46 as shown in 
arrows C, D, then if flows inside the culture chamber 8. 
Although each tubular diameter of the culture ports 20, 
22 and the bypass ports 44, 46 can be set at an optional 
vaiue ; the tubular diameter of the bypass ports 44 46 
side is set to be smaller than that of the culture ports 20, 
22 according to the embodiment, so that a flow rate of 
the culture fluid 30 flowing through the bypass ports 44, 
46 is rest delete d. 

[0034] Meanwhile, since the bypasses 40, 42 are 
opened to the culture chamber 8, the culture fluid 30 
supplied to the culture chamber 8 can be taken into the 
bypasses 40, 42 so that the culture fluid 30 is circulated 
through the first circulation path 32, thereby circulating 
the culture fluid 30 in the inner side of the matrix 16. That 
is, assuming that a fresh culture fluid 30 is supplied to 
the culture chamber 8. the culture fluid 30 can be circu- 
lated througn the first circulation path 32 and the matrix 
18 through the bypasses 40, 42. 

[0035] Further, ports 50, 52 for circulation are formed 
at the circular portion 14 side of the culture chamber 8 
in a direction perpendicular to the matrix 18 inside the 
culture chamber 8, and a third circulation path 54 serv- 
ing as supply means through which the culture fluid 30 
is supplied is formed in the ports 50. 52 for circulation, 
The ports 50. 52 for circulation project from the outer 
surface of the container 4 of the culture unit 2. and have 
through holes 56 therein, and the third circulation oath 
54 is constituted by circulation tube 58 mounted on the 
ports 50, 52 for circulation, whereby the fresh culture 
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fluid 30 is supplied from the supply means f e . p . s a 
culture fluid bag 94} of the culture fluid. Depicted by ar- 
rows E, F show the culture fluid 30 flowing to the culture 
chamber 8 through the third circulation path 54 and Ihe 
flowing direct ion thereof. Thai is. although the culture 
fluid 30 at the firs! circulation path 32 side is supplied to 
the inner sine of the matrix 18 : since !.ne culture fluid 30 
at the third circulation path 54 side is supplied to the 
outer side of the matrix 18 though ihe culture chamber 
B : and to the first circulation path 32 and the inner sine 
of the matrix 1 8 through the bypasses 40. 43. the fresh 
culture fluid 30 is constantly circulated in the inner side 



of the matrix 1 p - 
[0036] A controller "60 serving as means for controlling 
the rotation of the motor 38. monitoring the proliferation 
and growth of the cell or tissue and so forth is provided 
In ihe culture unit 2. Trie controller 60 has a control part 
62 tor controlling the rotation of I he motor 38 in the man- 
ner that a driving current is forced to flow to the motor 
38 and so forth, e.g., as shown in Fig. 5 : whereby a pro- 
gram control for setting a rotary pattern and so forth is 
executed by the control part 62. The motor 38 has a ro- 
tary sensor 64 for detecting the rotation thereof, and a 
temperature sensor 66 for detecting a temperature of 
the motor, wherein each signal for detecting the rotation 
and the temperature of the motor is supplied to the con- 
trol part 62 as a control input, The control part 62 has a 
CPU serving as processing means, a ROM, a RAM. and 
so forth serving as a memory, and a program such as 
rotation conditions and so forth is set from an externally 
connected input unit 68, The control part 62 has a dis- 
play part 70 , an operation switch 74 for giving an oper- 
ation instruction, operation display means, for example, 
a display lump 76, a warning buzzer 78 serving as warn- 
ing means, an external storage device 80 serving as 
means for storing various data, a database 82, and so 
forth. 

[0037] Further, according to the em no dim en!:, a trans- 
parent wait portion 84 thorough which the interior of the 
culture chamber 8 can be seen is provided on a part or 
the whole of the culture unit 2 at the cover 6 side, and 
a CCD camera 86 serving as photographing means for 
photographing the matrix 1 8 inside the culture chamber 
8 is installed in the vicinity of the transparent wall portion 
84, wherein image obtained toy the CCD camera 86 is 
supplied to an image processing unit 88 where it is proc- 
essed, and also a processed image is displayed on an 
image display unit 90 and is aiso supplied to a decision 
unit 92 as decision information The state of the profit- 
eration and growth of the cell or tissue is decided by the 
decision unit 92 in response to the change of color, the 
shape and so form of the matrix 18 based on the proc- 
essed image, and the result of decision is supplied to 
the control part 62. If the state of the matrix 18 in the 
culture chamber 8 is grasped as image information, and 
it is observed through this image information, the state 
of proliferation and growth of the cell or tissue on the 
matrix 18 and each stage of the growth of the eel! or 
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tissue can be visually grasped with accuracy, and an ap- 
propriate countermeasurc can be taken corresponding 
to the state of the proliferation and growth of the cell or 
tissue. 

[0038] Further, according to the ceil/tissue culture ap- 
paratus of the invention, ii is configured, e.g.. as shown 
m Fig. 6. such thai, if is accommodated in a culture nous- 
i n g 93 f o rm i n g a n op tr m u m cul f u re e n v i ro n m en ! Th e 
third circulation path 54 pas the culture; fluid bag 94 for 
storing the culture fluid 30 therein , a gas absorption tunc 
36 for allowing the culture liuia circulated through trie 
third circulation path 54 to absorb gas, a fluid supply 
vaive 98 for circulating the culture fluid 33. and a pres- 
sure regulating valve 100 . A piston 104 which is ad- 
vanced or retracted by a piston driving unii 102 is pro- 
vided in the fluid supply vaive 38, wherein when the pis- 
ton 104 ,s advanced, a valve 106 is opened arid a valve 
103 is shut while when the piston 104 is retracted the 
valve 106 is shut and the vaive 108 is opened, thereby 
effecting delivery of a predetermined amount of culture 
fluid 30 like the heart. A vaive 112 which is advanced or 
retracted by a valving unit 110 is provided in the pres- 
sure regulating vaive 100, wherein when the valve 112 
is advanced, the pressure regulating valve 100 is shut 
anci when the valve 112 is retracted, the pressure reg- 
ulating valve 100 is opened, tnereoy effecting the pres- 
sure regulation of the culture fluid 30 in the third circu- 
lation path 54. 

[00391 The culture Housing 93 is provided with a heat- 
er 114 serving as heating means, a fan 116 serving as 
blowing means, a humidifier 118 serving as means for 
setting a humidity as desired, and a temperature sensor 
120, and to which N 2 is supplied from an N 2 supply unit 
122, Go is supplied from an G 2 supply unit 124, and CO, 

unit 126, thereby forming 
an optimum culture environment adapted for the prolif- 
eration and growth of the cell or tissue. 
[0040] A culture processing using the ceil/tissue cul- 
ture apparatus is next described with reference to flow- 
charts shown in Fig, 7 and Fig. 8. In Figs. 7 and 8. de- 
picted by circled a, b and c snow connecting symbols of 
the divided flowcharts extending over Figs. 7 and 8. 
[0041] in step SI , the controller 60 is set at an oper- 
ation state, and an operation program is inputted 
through the input unit 68, thereby setting conditions 
such as rotary periods T 1t T 2 , o, of the motor 38 and 
continuation time T 12 . T 2?; T 32 and so forth. After setting 
such conditions, when the operation switch 74 turns ON 
in step 32, the program goes to step S3 where an op- 
eration indication is displayed on the display part 70 and 
the display lump 76 is lit up. 
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- ->4. the motor 38 rotates so that variable 



[0042] in stc 

driving of the motor 38 is effected at period T,, at the 
speeo ranging from the maximum speed R - K, to the 
minimum speed R , K, , c,, then the program goes 
to step S5 : where during the rotation of the motor, it is 
ciecided whether anomaly of the rotation of the motor 
occurs or not based on detection outputs from the rotary 
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sensor 64 and the temperature sensor 66, and when 
there dose noi occur anomaly, the program goes to step 
S6. in step S6 : image data is fetched from the image 
processing unit 88. and it is stored in the memory in the 
control part 62 ( and the external storage device 80 : then 
it is registered in the database 82. 

[0043] In step S7. it: is decided whether the continua- 
tion time T 12 elapses or not. and trie processings of the 
steps S4 to S6 are continuously executed until the con- 
tinuation time T.,o elapses 

[00441 Upon oiapse or the continuation time T,,. s , the 
program goes to step 36 where the variable driving of 
the motor 38 is effected at period T 2 . at the speed rang- 
ing from the maximum speed R >-. K 2 to the minimum 
speed R >' K 2 ■ C 2 , then the program goes to step S9. 
where during the rotation of the motor il is decided 
whether anomaly of the rotation of the motor occurs or 
not based on detection outputs from tne rotary sensor 
64 and the temperature sensor 60 in tne same manner 
as step S5, and when there dose not occur anomaly, the 
program goes to step S10. in step S1G, image data is 
fetched from the image processing unit 88, and it is 
stored in the memory in the control part 62, and the ex- 
terna! storage device 80, then ii is registered in the da- 
tabase 82 in the same manner as step S6. 
[0045] in step S11 , it is decided whether the continu- 
ation time T 22 elapses or not, and the processings of the 
steps S8 to SI 0 are continuously executed until contin- 
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program goes to step S12 where the variable driving of 
the motor 38 is effected at period T 3 . at the speed rang- 
ing from the maximum speed R to the minimum speed 
R x C 3 , then the program goes to step SI 3. where dur- 
ing the rotation of the motor, it is decided whether anom- 
aly of the rotation of the motor occurs or not based on 
detection outputs from the rotary sensor 64 and the tem- 
perature sensor 66 in tne same manner as step S9. and 
when there dose not occur anomaly, the program goes 
to step SI 4. in step S14. image data is fetched from the 
image processing unit 88, and it is stored in the memory 
in the control pari 62, and the externa! storage device 
80, then it is registered in the database 82 in the same 
manner as step SI 0. 

[0047] in step S15, it is decided whether the continu- 
ation umeT 32 elapses or not, and the processings of the 
steps S12 to S14 are continuously executed until the 
continuation time elapses. 

[0048] Upon elapse of the continuation time Too, the 
program goes to step S16 where a completion display 
is effected, then the program goes to step S17 where it 
is decided whether the operation switch 74 turns OFF 
or not, and the processings of the steps S12 to S1 6 are 
executed until the operation switch 74 turns OFF. 
[0049] When the ope rati or? switch 74 turns OFF, the 
program goes to step Si 8 where stoppage of the rota- 
tion of the motor, and the cancellation of the operation 
display and completion display are effected, thereby 
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[0050] in the case where the anomaly of the rotation 
of the motor is turned out in step S5 : step S9, and step 
SI 3. the program goes to step Si 9 where the rotation 
of the motor- stops, then the program goes to step S20 
where a notice of generation of anomaly is displayed on 
tne display part 70 as a warning display, and the warning 
buzzer 78 is sounded. 
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[0051] P 

the culture program., wherein A shows ON. OFF" of the 
operation display, B shows ON, OFF of the completion 
display, C snows image decision outputs of V. 1; V.,. \/ 0 , 
D shows a speed of the motor 38, wherein in Fig" 90, 
depicted by i indicates a first stage snowing the process- 
ing in step S4, I; indicates a second stage showing tne 
processing in step S8 : and ill indicates a final stage 
showing the processing in step SI 2. 
[0052] Meanwhile, In this 'embodiment, the coeffi- 
cients K v K 2> and C h C 2 , C 3 used in the processings in 
step S4, step SB and step SI 2 are set values stored in 
the memory of the control part 62 but tney may be 
cnanged by inputting them optionally from the input unit 
68. Further, according to the embodiment, although it is 
explained that the circulating direction of the culture fluid 
30 is set to one direction, but the direction may be 
changed to a reverse direction or reciprocal direction. 
[0053] in the practical culture, the matrix 18 in which 
the cell or tissue is transplanted is accommodated in the 
culture chamber 8 after removing the cover 6. and it is 
installed in tne culture housing 93. After a temperature, 
a humidity, a carbon dioxide concentration, an oxygen 
concentration and so forth in the culture housing 93 are 
set to optimum values or conditions, the culture fluid 30 
having a flow rate optimum for the ceil or tissue is sup- 
plied to the matrix 18. thereby executing the culture pro- 
gram. 

.[0054] When the culture fluid 30 is supplied to the ma- 
trix 18 through the circulation paths 32. 54, the flow of 
the culture fluid 30 acts on the inner ana outer surfaces 
of the matrix 1 8. so that the cell or tissue on the matrix 
1 8 proliferates and grows while it is subjected to the ap- 
plication of a shear-stress in the circumferential direction 
of the culture chamber 8. 

[0055] Described next is the shear stress to be ap- 
plied to the matrix 18 with reference to Fig. 10. Assuming 
that a viscosity coefficient of the culture fluid 30 is u 
velocity of flow of the culture fluid 30 is u, variation of 
the velocity of flow is du, a distance between the differ- 
ent flow velocities is dz, a shear stress t acting on the 
surface layer of the matrix 1 8 serving as a blood vessel 
is expressed as follows, 



x ~ u - du/d? 

[0056] in this case, tne velocity of flow u on the outer 
wall surface of the matrix 16 is substantially zero, and a 
snear stress x OUT acting on this part is very small, but 
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a large shear stress x IN acts on the surface layer of the. 
inner side of the matrix 18. Such a shear stress x be- 
comes a physical stimulation to contribute to the prolif- 
eration and grows of the cell or tissue. 
[0057] In this case, the shear stress x |N acting on the 
innerside of the matrix 18. i.e.. on the inner surface layer 
of the through hole 1 9 and the shear stress x OUT acting 
on the inner surface layer of the outer side of the matrix 
18 are set in the marine! thai since the main)- 18 is cy- 
lindrical at. the inner side of the matrix 18 : a flowing di- 
rection is restricted, and the velocity of flow of the culture 
fluid 30 is high and the shear stress x IN becomes large 
while since the velocity of Mow of the culture fluid 30 at 
the outer side of the matrix 1 8 is slow and has no specific 
direction, the shear stress x OUT is small. As a result, a 
large shear stress is applied to the inner side of the ma- 
trix 18 while a small shear stress is applied to the outer 
side of the matrix 18. Thai is. since the cell or [issue 
which grows in the cylindrical matrix 18 is subjected to 
an application of a large shear stress at the inner side 
of the matrix 1 8 owing to the fiow of fluid while it is hardly 
subjected to an application of a shear stress at the outer 
side of the matrix 18 owing to the flow of fluid, it grows 
as a blood vessel inner cuticle tissue at the inner side 
of the matrix 18 whiie as a blood vessel outer cuticle 
tissue at the outer side of the matrix 1 8. Since the blood 
vessel tissue of a. human is differentiated in inner and 
outer side thereof, the tissue on the matrix 1 8 obtained 
by such culture forms a tissue ciose to the biood vessel 
o' 
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[0058] If a flow rate of the culture fiuid 30 which is al- 
lowed to flow by the tube pump 36 is controlled by a 
program by which the flow rate is changed to an opti- 
mum flow rate as the culture time elapses, a fiow of fluid 
same as that of a living body is obtained. In this case, it 
is efficient that the flow rate and the velocity of fiow of 
the culture fluid 30 flowing toward the inner side of the 
matrix 18 is controlled to become an optimum value in 
response to the stage of growth of the cell to the tissue. 
[0059] Upon completion of the execution of the culture 
program, the culture unit 2 operates such that: a circula- 
tion tube 58 of the circulation path 54 connected to the 
ports 50, 52 is shut, for example, as shown in Fig. 11 . 
According to the embodiment, a pinch cock 1 28, a cock 
valve 130, which overstride the culture unit 2 and serve 
as shutting means, are attached to the circulation tube 
58, and if the shutting operation is effected, the culture 
unit 2 can be separated from the circulation path 54 and 
the culture chamber 8 can be kept in a hermetically 
seated state, so that the culture fluid 30 is not ieaked 
out from the culture chamber 8. In this case, the circu- 
lation path 32 is separated from the tube pump 36 and 
the circulation tube 34 is detached from the tube pump 
36 and it is better to be moved together with the culture 
unit 2. 

[0060] Further if the culture unit 2 is sterilized by a 
sterilizing method using an autoclave, and so forth. UV 
terilization, gummer rays sterilization, and so forth, the 
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interior of the culture unit 2 can be maintained in an 
aseptic condition for a long period of time. According to 
the embodiment, although the pinch cock 128 ana the 
cock valve 130 are employed as means forshuLling the 
circulation tube 58. other closing means may be used. 
[0061] In this case, the circulation tube 34 at the first 
circulation path 32 sicie may be shut by other shutting 
means as a pinch cock and a cock valve ana so lorth in 
the same manner as trie circulation tube 58. 
[0062] Although the bypasses 40, 42 are configured 
to be formed by branching off from the first circulation 
patn 32 in the embodiment, they may be formed sepa- 
rately independently from the first circulation path 32 as 
the second circulation patf, or they may be formed by 
providing separate openings at side wall portions of the 
c u It u re p o rts 2 0 2 2 

[0063] In the case where the bypasses 40, 42 are con- 
figured as the independent second circulation patn if 
supply means lor supplying a fresh culture fluid is in- 
stalled at the first circulation path 32 or bypasses 40. 42 
sides, the fresh culture fluid together with a pnysical 
stimulation such as a necessary shear stress and so 
forth can be supplied to the inner side of the matrix 16 
through the first circulation path 32. 
[0064] Further the tube pump 36 has been used as 
supply means under pressure according to the embod- 
iment, for example, a. plunger type pump may be used. 
[0065] As mentioned in detail above, the following ef- 
fects can be obtained by the invention. 

a it is possible to apply a physical stimulation such 
as a shear stress caused by the velocity of flow of 
the culture fluid, and so forth to the material to be 
cultivated in the chamber in a non-contact state. As 
a result, it is possible to apply the shear stress 
which imitates a physical stimulation on the living 
body, can be applied to the material to be cultivated, 
thereby contributing to tne facilitation of the culture! 
b The manner of flow of the culture fluid is differen- 
tiated between the inner side and an outer side of 
the cylindrical material to be cultivated, and the 
shear stress can be independently applied to the 
inner side ana outer side of the cylindrical material 
to be cultivated. 

c The culture fluid is supplied to the inner side of t he 
cylindrical materia! to be cultivated through the first 
circulation path and ii is supplied to the outer side 
of the cylindrical material to be cultivated through 
the second circulation path so that the shear stress 
can be independently applied to the inner side and 
the outer side of the cylindrical material to be culti- 
vated, and a fresh culture fluid can be supplied from 
the first circulation path to the material to be culti- 
vated through tne second circulation oath or by- 
passes, 

d A shear stress corresponding io each stage ottne 
growth of the cell or tissue can be applied to the 
material to be cultivated through the fiow of the cul- 
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a cylindrically formed material to be cultivated; 
a chamber for accommodating therein the ma- 
terial to be cultivated; 
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e The culture unit for accommodating therein the 
material to be cultivated can be moved while it is 
independently separated from or deiachably at- 
tached to the culture circuit, thereby protecting the 
material to be cultivated from contamination of the 
bacteria and so forth. 

t A physical stimulation as desired can be appiied 
to the materia! to be cultivated, so that a physical 
stimulation corresponding to the part of a living body 
can be realized and the facilitation of the culture can 
be enhanced, 

g Each stage of the growth of the cell or tissue car! 
be accurately grasped by image. 

*66] Although the configurations ; operations and 
effects of the cell/tissue culture apparatus serving as the 
mode for carrying our the invention are described with 
reference to the embodiment, as shown in the attached 
drawings, the invention is not limited to such a. mode for 
carrying out the invention and the embodiment, but it 
includes ail the configurations, which can be predicted 
or conjectured by a person skilled in the art, such as 
various configurations, modifications and so forth which 
can be conjectured by the object, the mode for carrying 
out the invention, and the embodiment of the invention. 

INDUSTRIAL APPLICABILITY 

[0067] As mentioned above, the cell/tissue culture ap- 
paratus of the invention is useful for the culture technol- 
ogy of the cell or tissue to which a tissue engineering is 
applied., more particularly it is adapted for performing an 
in vitro culture of the cell or tissue of a living body such 
as human body, and is also adapted for efficiently real- 35 
izing a metabolism function of a cell or tissue and ap- 
plying a physical stimulation necessary for prolongation, 
differentiation,, and acceleration of the ceil to the mate- 
ria! to be cultivated. 

40 



Claims 

1 . A cell/tissue culture apparatus comprising: 

a cylindrically formed material to be cultivated: 
a chamber for accommodating therein the ma- 
terial to be cultivated; and 

a circulation path connected to the material to 
be cultivated through which a culture fluid is cir- 
culated in an inner side of the material to be 
cultivated. 

2. A cell/tissue culture apparatus comprising: 
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supply means for supplying a culture fluid to or 
circulating the culture fluid in the chamber, and 
a circulation path connected to the material to 
be cultivated accommodated in the chamber, 
through which the culture fluid is circulated in 
an inner side of the material to be cultivated. 

A ceil/tissue culture apparatus comprising: 

a cylindncaily formed material to be cultivated: 
a chamber for accommodating therein the ma- 
terial to be cultivated; 

a first circulation path connected to the materia! 
to be cultivated through which a culture fluid is 
circulated in an inner side of the material to be 
cultivated: and 

a second circulation path through which the cul- 
ture fluid is circulated in an outer side of the ma- 
terial to be cultivated. 

A ceil/tissue culture apparatus according to Claim 

3, wherein the second circulation path is bypasses 
which are formed by allowing the second circulation 
path to branch off from the first circulation path. 

A cell/tissue culture apparatus according to Claim 

4, wherein a distribution of the amount of flow of the 
culture fluid is differentiated between the first circu- 
lation path and the bypasses, thereby applying dif- 
ferent shear stresses to the outer side and the inner 
side of the material to be cultivated. 

A cell/tissue culture apparatus according to Claim 
1 , 2, 3 or 4, further comprising a pump for supplying 
the culture fluid to the material to be cultivated under 
pressure, and the supply state under pressure is 
variable, 

A cell/tissue culture apparatus according to Claim 
6, further comprising control means for controlling 
a pressurized supply force of tne pump with an op- 
tional pattern. 

A cell/tissue culture apparatus according to Claim 
1,2,3 or 4, further comprising a culture unit in which 
the chamber is formed is rendered in a hermetically 
sealed state, and the culture unit is detachable. 

A cell/tissue culture apparatus according to Claim 
1, 2, 3 or 4. further comprising photographing 
means for photographing the material to be cultivat- 
ed in the chamber. 



10. A cell/tissue culture apparatus according to Claim 
1,2,3 or 4, further comprising a culture unit which 
is transparent as a pari or as a whole ano photo- 
graphing means, wherein the material to be culti- 
vated is accommodated and cultivated in the cham- 
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ber formed in the culture unit, and the materia! to 
be cultivated can be photographed by the photo- 
graphing means from an outside of the chamber. 



Amended claims under Art. 19/1 POT 

1, (Amended) A cell/tissue culture apparatus com- 
prising: 

a cylindrical materia! to be cultivated to which 
a cell to be cultivated is adhered, 
a chamber having a space in which the cylin- 
drical material to be cultivated is accommodat- 
ed; 

a first port formed in the chamber and connect- 
ed to the cylindrical materia i to be cultivated 
through which the cylindrical material to be cul- 
tivated is supported in the space; 
a second port' formed in the chamber separate- 
ly from the fi rst port and communicating with the 
space: 



a first circulation path connected to the first port 
through which a culture fluid is circulated in an 
inner side of the cylindrical material to be culti- 
vated; 

a second circulation path connected to the sec- 
ond port through which the culture fluid is sup- 
plied to the space so that the culture fluid is cir- 
culated in an outer side of the cylindrical mate- 
ria! to be cultivated; and 

supply means under pressure installed in the 
first circulation path for generating the same flu- 
id flow as a blood flow in the culture fluid. 

2. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 1 , further comprising a third circu- 
lation path through which the culture fiuid is circu- 
lated in the space; and 

gas absorption means for allowing the culture 
fiuid circulated through the third circulation path to 
absorb nitrogen, oxygen, and carbon dioxide. 

3. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 1 , further comprising pressure ap- 
plication means for applying the same pressure to 
an inner and an outerside of the cylindrical materia! 
to be cultivated via the first and the second circula- 
tion paths. 

4. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 1 , wherein the second circulation 
path is bypasses which are formed by allowing the 
second circulation path to branch off from the firs! 
circulation oath. 
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amount of flow of the culture fluid is differentiated 
between the first circulation path and the bypasses, 
thereby applying different shear stresses to the out- 
er side and the inner side of the cylindrical material 
to be cultivated 

6. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 1 : 2. 3 or 4, further comprising a 
pump for pressurizing and supplying the culture flu- 
id under pressure which flows to the cylindrical ma- 
teria! to be cultivated, and the supply state under 
pressure is 'variable. 

7. A cell/tissue culture apparatus according to Claim 
6, further comprising control means tor controlling 
a pressurized supply force of the pump with an op- 
tional pattern. 

8. A coll/tissue culture apparatus according to Claim 
1 , 2, 3 or 4, further comprising a culture unit in which 
the chamber is formed is rendered in a hermetically 
sealed state, and the culture unit is detachable. 

9. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 1 , 2, 3 or 4, further comprising pho- 
tographing means for photographing the cylindrical 
material to be cultivated in the chamber. 

10. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 1, 2. 3 or 4 further ^ot^p-- - 
culture unit which is transparent as a part or as a 
whole and photographing means, wherein the cy- 
lindrical material to be cultivated is accommodated 
and cultivated in the chamber formed in the culture 
unit, and the cylindrical material to be cultivated can 
be photographed by the photographing means from 
an outside of the chamber. 



5. (Amended) A cell/tissue culture apparatus ac- 
cording to Claim 4, wherein a distribution of the 
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